Abstract-A significant quantity of the Venezuelan satellite communications services operate at Ka band for the Amazonian Region. The Ka Band signals are exposed to severe quality degradation and unacceptable error rate capabilities due to climate constrains. In order to improve the error rate performance, an Amplify and Forward (AF) cooperative scheme is proposed. The basic principle is based on the relay of multiple scaled version of the received signal at the destination, which can be optimally combined at the receiver using a Maximum Ratio Combiner (MRC). The performance of the satellite-terrestrial AF cooperative system is compared with the direct satellite transmission system by simulation.
The Venezuelan satellite represent the source. The channel between the satellite and each earth station follow a Rician Distribution. The earth stations can communicate each other using high directive antennas. The channel between earth stations is considered a Rician channel with K=1.
In Phase I, the source (VENESAT) transmit with a Power P S , a symbol block X S = [X S (0),..,X S (M-1)] to each relay node and to the destination. The received signal from satellite at the destination, with a channel noise n SD , is represented as follow [5] . (1) Similarly, the signal received at each relay node from the satellite after adding the noise n SR can be expressed mathematically [5] . (2) In Phase II, the relay scale the receive signal represented in equation (2) in order to transmit a normalized vector X R . If the instantaneous channel gain |h SR | 2 and the retransmission power P R is known at the relay, the signals received at any relay are retransmitted with the gain β, considering the presence of the noise N 0 [5] . (3) The received signal at the destination coming from any relay, after adding the channel noise n RD , is calculated then according to the expression [5] . (4) Finally, the received message is recovered through the Maximum Ratio Combiner MRC [6] . (5) The term h id are the channel coefficients either from any relay to destination (h RD ) or from satellite to the destination (h SD ). Similarly, the term Y id , is the signals from the relays to the destination (Y RD ) or from the source to the destination (Y SD ).
B. Channel Model
During the phase I, the satellite channel follow the free space model [7] [8] . The free space system model is based on the line of sight (LOS) component of the fading channel [7] and [8] . (6) The term f c is the carrier frequency, r i is the distance between the satellite and the i th earth station (relay), k 0 = (2*π/c o ) is the wave number and c o is the light speed. The phase φ is assumed equal to zero and α (attenuation) is approximated to a constant [7] . (7) The phase II, is the phase for relaying the signals. Here each earth station transmits the amplified signal to the destination. The channel on earth between ground stations (relays) is assumed to follow a Rician distribution [9] . 
C. The Space Link
For a transmitter with output of P t (watts) using a lossless antenna with gain G t , the flux density in the direction of maximum power at a distance of R meters [10] . (11) The product PtGt is often known as the effective isotropically radiated power (EIRP). The received power in the ground station [10] . (12) (13) (14)
The term (λ/4πR) 2 is the path loss (FSL). It is the way how the energy is spread as an electromagnetic wave traveling from a source in three-dimensional space [11] . The equation in dB is represented [10] . (15) Knowing the distance to the satellite "R" in Km and the frequency "f" in MHz, the free space losses are [10] . (16) In satellite systems, the major source of noise on the equipment is called thermal noise and it comes from the random thermal motion of electrons in resistive and active devices in the reception path. The thermal noise power at the receiver [10] .
(17)
The term T n is known as the equivalent noise temperature, B n is called the equivalent bandwidth of noise, and k is Boltzmann's constant, where k=1.3810-23 J/K (228.6 dB). The carrier to noise ratio is defined as the relation of the signal power received (P r ) and the noise power (P n ) [10] . into the Amazonian region. Basically, the main purpose of the simulation is to measure the BER performance over several transmissions. A randomly generated data stream of 1024 bits is transmitted over 10 5 channel realizations. During the Phase I, the satellite (source) transmit to earth a message of 1024 bits into a QPSK modulated signal. The transmitted signal over each channel is multiplied by the channel coefficients using (6) and immediately added the white noise. The channel coefficients and the Gaussian noise are randomly generated. For Ka band signals, the Venezuelan satellite use a carrier frequency around 19 GHz. The distance from the satellite to the ground station is about 36,000 Km. For the satellite link channel coefficients calculation, the simulation assumes the distance from the satellite to each earth stations varies about ±3Km. The signal received in the destination from the source is calculated using (1) and the signal received on i th relay station is represented by (2) . The power of the source P S is the EIRP of the satellite. The free space losses are calculated by (16). The figure of merit G/T is set to 38.02 dB which is a real technical data into the Venezuelan ground station [12] . (21) The signal received coming from the satellite is amplified and forwarded in the second phase. The amplification factor is calculated using (3). The relay station transmission power is set to P R =10W. The channel coefficients and white noise are randomly generated. For terrestrial communication, the channel is considered as a Rician channel (8) . In addition to the antenna gain, also exist other gains or attenuations in the reception path. The gain is provided by amplifiers and the attenuation are the losses in the waveguide, couplers or switches. For the simulation, a real reception gain of 158 dB is set according to the ground station specifications [12] . International Journal of Modeling and Optimization, Vol. 7, No. 3, June 2017 The signal received in the destination is combined by the MRC using (5) . The MRC output signal is demodulated and compared to the original 1024-bit data stream transmitted from the satellite. The number of errors are counted and the BER is calculated over the total of bit transmitted in 10 5 channel realizations. Finally, the SNR needed to achieve BER=10 -6 is compared for every case (multiple relaying or direct satellite communication). The simulation result show that the Venezuelan satellite communication system in Ka Band, can be improved using a multiple relay integrated satellite-terrestrial cooperative system. For one relay, the gain improvement referred to the satellite direct path communication is not relevant. However, increasing the number of relay to more than one, the gain is significant. According to the simulation, with three relays, the reliability of the services increase about 2 dB of gain.
IV. CONCLUSION
The signals in Ka band frequencies are sensitive to several climate phenomena, especially at the Amazon. The service providers need to consider the use of appropriate techniques, to keep the satellite link into acceptable levels of quality and reliability. A multiple relay integrated satellite-terrestrial cooperative system can improve the communication system performance of the Venezuelan satellite, increasing the reliability of the signal for various kinds of imperfect channel response such as those caused by noise or attenuation. For large attenuation channels, coding gain can be combined to the satellite-terrestrial cooperative system as a mitigation technique. Further studies should be done about the proposal impact on the information rate and bandwidth, in order to determine the most suitable applications than could be executed on the Amazonian region.
